The neurotoxic effects of methylmercury (MeHg) are well-known and the genes responsible for its biological production were recently discovered. Given this recent development few reports exist that directly utilize this genomic information. The current study is unique in that it discerns high versus low Hg contamination, the subsequent differential impacts on the bacterial community, and suggests which members of the community may be responsible for MeHg production in such a globally important food crop as rice paddies. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39 
Materials and Measurements) was used for MeHg analysis, and the recovery was 84 to 112%. (ThermoFisher Scientific; Waltham, MA), as previously described 14 . Anions were analyzed using an AS11HC column with a KOH gradient of 0-60 mM, per the manufacturer's instructions.
23
Calibration of each parameter was accomplished using 5-point calibration curves with the 24 prepackaged standards from Dionex. The calibration curves were performed at the beginning of 25 each run and included check standards after every 15 samples. Additionally, the extract was used 26 for quantification of 13 metal ions via inductively coupled plasma -mass spectrometry (ICP-27 MS). Samples were prepared for analysis as previously described 15, 16 .
28
Soil gDNA extraction 29 The frozen soil samples in Eppendorf tubes (triplicate) were thawed on ice, and the total 30 community gDNA isolated from 0.5 g of each soil sample using the PowerSoil TM DNA Isolation 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Kit (MoBio Laboratories, Carlsbad, CA, USA). The extracted gDNA from each soil was 1 combined and frozen at -20°C and then freeze-dried in the laboratory of the Institute of 2 Geochemistry, China, before they were shipped to the Oak Ridge National Laboratory (ORNL), 3 Oak Ridge, Tennessee, for further purification and analyses. In brief, gDNA samples were 4 dissolved in high-purity DNase-free water, and their concentrations and purities were assayed by 5 measuring UV absorbance at 260 nm (A260) and the ratios of A260/A280 and A260/A230 using 6 a spectrophotometer (NanoDrop2000 TM ; Thermo Scientific Inc., West Palm Beach, FL). The 7 ratios of A260/A280 and A260/A230 of all DNA samples were 1.8-2.0, suggesting acceptable 8 DNA purity for pyrosequencing and Geochip analyses.
9
Pyrosequencing of the Bacterial and Archaeal 16S rRNA genes
10
The hypervariable v1-v3 region of the 16S rRNA gene was amplified using universal Bacterial
11
(forward 5′-TYACCGCGGCTGCTGG-3′ and reverse 5′-AGAGTTTGATYMTGGCTCAG-3′) 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 141,995 CDS from 410 gene families. A total of 733 probes were specific to mercury cycling 1 pathways, including genes for mercuric reductase (merA), organomercurial lyase (merB), 2 mercuric resistance (merR), and mercuric transport (merP). nmol Cy3-dUTP dye (Amersham BioSciences, UK) were added and incubated for 3 h at 37°C.
9
The labeling reaction was terminated by heating at 98°C for 3 min. The tubes were removed,
10
placed on ice and the labeled gDNA was purified using a QIAquick PCR purification kit
11
(Qiagen) and then dried using a SpeedVac (Thermo Scientific™).
12
Samples were hybridized as described previously 17 . Briefly, dried samples were rehydrated with
13
NimbleGen sample tracking control to confirm sample identity and hybridization buffer (40% 14 formamide, 25% SSC, 1% SDS, 2.38% Cy3-labelled alignment oligo (NimbleGen) and 2.8%
15
Cy5-labelled universal standard target) 18 . An HX12 mixer (NimbleGen) was attached to the 16 slide and samples were loaded onto the arrays and hybridized overnight (~16 h) with mixing on a 17 hybridization station (MAUI, BioMicro Systems, Salt Lake City, UT, USA).
18
Microarray scanning, data normalization and analysis
19
The GeoChip microarrays were scanned with a MS200 Microarray Scanner (NimbleGen) at 20 100% of laser power and photomultiplier tube gain. Scanned images were gridded using
21
NimbleScan software (Nimblegen) and raw data was uploaded onto the Microarray Data Bacterial genera detected in these samples were studied. For Archaea, correlations between 5 geochemical and sequencing data from 9 samples (no sequencing data were obtained from 5M 6 sample) were studied. Only 12 Archaeal genera were detected in these samples. Sequencing data 7 were used as the response variables, and the predictor variables were the measured 8 environmental and geochemical parameters. 
Results and Discussion

11
Mercury and methylmercury in rice paddy soils
12
The paddy soils collected from 6 geographic locations ( Figure S1 ) varied in concentrations of
13
THg ranging from 0.25 to 990 µg g -1 (mean: 131 ng g -1 ) and MeHg ranging from 1.3 to 30.5 14 ng g -1 (mean: 9.4 ng g -1 ; Table 1 ). Based on cumulative THg and MeHg concentrations, the 15 samples were placed into 3 groups (Table 1 and Figure 1A ). Soils from Jinjiachang (4J), Meizixi (Table 1) . Figure 1C ). However, with respect to MeHg, there 7 were no clear correlations ( Figure 1D ). These data suggest that the increased pH may have Eukaryotic and were not used in analyses. The α-diversity of Bacterial species ranged from 55.4 5 to 94.4, while α-diversity of Archaeal species was lower from 2.7 to 13.3 (Table S3 ). Bacterial 6 α-diversity decreased with increasing THg while Archaeal α-diversity remained stable ( Table   7 S3). With respect to increasing MeHg, Bacterial α-diversity decreased ( Figure 3A ) while 8
Archaeal α-diversity markedly increased ( Figure 3B ). Higher Bacterial α-diversity at low THg Figure 3C ). As noted above, the 23 %MeHg increased with distance ( Figure 3C ), which is not likely due to more Hg-methylators 24 being present but rather a reflection of the marked drop in THg with increasing distance from the 25 source.
26
Microbial community structure 27 A total of 24 Bacterial phyla were detected in >50% of the samples. The phylum Proteobacteria
28
(33.5-47.7%) was the most abundant, followed by Actinobacteria (3.8-18.5%), Chloroflexi (4.5-29 14.5%), and Acidobacteria (6.2-14%) and these 4 phyla were dominant in all samples. Among 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 the phylum Proteobacteria, the most abundant was β-Proteobacteria (4.4-19.8%), followed by 1 α-(7.1-18.8%), δ-(8.7-13.6%), and γ -Proteobacteria (2.1-5.9%) ( Figure 4A ). The δ- others from sulfate-reducing, acidophilic, and halophilic Archaea.
12
While there are some differences between the microbial community structures of these 13 geographically diverse samples, the similarities in the overall percent makeup of each 14 community at the phylum level is strikingly similar (Figure 4A , B). Samples from Yanwuping
15
showed some of the highest Methanomicrobia counts spanning the 14.5 Km from the source,
16
which agreed with the relatively stable α-diversity over this distance ( Figure 3B 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 concentrations while variations along the second axis (8.6%) could reflect differences in THg.
with some signal from methanogens or Desulfobulbus propionicus was consistent along the 1 distance gradient for the Yanwuping samples as well. opinion that such physiological types may be major contributors to MeHg pools in these soils.
6
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